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Foreword 

related produds^the^i^reSaiiai^jf 'whlch^s hdtfby di T o0hn,ca ' CQmmi,!ca CEN/TC 104 -Conoret. S nd 

SsSSS-H*" 1 " “ * »“iS2SlSr,*i*« 

strudufes"(Sec^t£^L b AFNOR)° mr " ltteeS r " odut:t! ‘ a ' nd tor the protection and repair of concrete 

T.'-hh document supersedes fcNV 1504^:1 §97, 

Modifications to ENV 1504 - 9:1397 are: 

a) S ‘ a,UE ° f t,ocumeflt torm pre-standard to standard; 

t! Editorial and technical medifications in those oases 7 ,here necessary. 

Part 1; Definitions 


Pan 2: Surface protection systems for concrete 
~ Part 3: Structural and non-structurai repair 
4 ' Structural bonding 

— Pori 5: Concrete injection 

— Part 6: Anchoring of reinforcing steel bar 

— Part 7: Reinforcement corrosion protection 

— Pan 8: Quality control and evaluation of conformity 

Part ** 5P “" and quaUy con(ro , rfft# ^ 
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Introduction 


principles' fo^V^ectio!i^nd r TeDaTr U ul U ™ S n('^t Jl,,e | t:0,1 i lfJle>! deSi9n WQfk - ™ s Eur °P ean "rd <Wlr« the 
deteriorationandSauH. ™11 n ^ et ?- l,ru ? tljrB * wllieh have suffered or may suffer damage or 
intended use. " ~ ' J 6 a t-iectron of products and systems which are appropriate for the 

This European Standard identifies key stages in the repair process: 
assessment of the condition of the structure; 
identification of the causes of deterioration.; 

— d ecid i ng the option s for protect ion a nd rop air; 

— selection of the appropriate principle;*) of protection and repair; 

— selection of methods; 

definition of properties of products and systems; 

— specification of maintenance requirements following protection and repair. 

informatio^on the Normative^ext^' 3 ' 3 '' AnnCx A llrfor - a!ive ) which provides guidance and background 
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■T 


1 Scope 

structures) usi ng products and systems»lT£rM rd ™ a ^' floor s,a ^ ■* p“ S sed 
buropean Standard or European TelhST°'jf r T P * rta ° f hc 1604 series or any other retevant 
exposed, buried and submerged structures. '. 18 Eu,i:pean Standard covers atmospherically 

This European Standard includes: 

3) the need f0r ,nS “' tes "^ and assessment before end after repa.r: 

may include 0 ’"" ° f dSfeCIS and the,r repaif ' n concrete structures. Causes of such defects 

—en, caused by se,dement, blest. 

reacSon;' 03 ' "* bi °'° 9iCal SC,bn8 fr °"> “meats, 8 . s . sulphate a,tact, a,kali aggregate 
physical actions., e? n (Ypp,- tk™. +*, 

crystallisation and erosion;’ ' therma( cracking, moisture movement, salt 

fire damage; 

reinforcement corrosion resulting from. 


2 } 

3) 

4) 

5) 


i) 


iifj 

iv) 


physbai loss of the protective concrete cover; 

“ .SS55 “r fi cov * 35 a ** pf «** 

cl- Pride (or other chemical) contamination of the concrete; 

heig!ibouring eieoirrcahnsla Nat kjIns ^ indu,:eS ' : - n (he reinforcement from 

construction material's!' 1 ^ ' nadst)l,ate 0es, 3 n ' specification or construction or use of unsuitable 
d) providing the required structural capacity by. 

1! replacement - a ^,„on of embedded or externa, reinforcement; 

■'' '.. ° f ^ a,,ri WidB *""" " to-structural continuity 

rep,aC£ment or addi ^ of concrete or whole elements; 

=> waterproofing as an integral pah of protection and repair; 

* 1 p r * nc 'pies and methoris of Drnte^t, r ,„ ar H r - . 

e . n and re P a,r ' for ^mpie those listed in Table 1 

" e a?pll(:ation ia co «red m Part 10 of this European Standard. 

Further background information on the scdo^ m,, - 

- scope of this European standard is given in Anne* A (Informative), 
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2 Normative references 

^ercnSr o ^lv n? C -rr tS T indis,5ensshte far the application of this document. For dated 

document (Including any amendments^ gp^ies^ ‘“ l ^ '*** editton ° f ,he re,srenced 

EN 206-1, Concrete Part 1: Specification, performance, production a, nd conformity 

0 ^c^en/ yS, t m ?' for T e prO,eC,i0n snd repair nf “"«*■ stores - Definitions, 
-equipments, quality control and evaluation of conformity — Pert 1: Definitions. 

™t™™?J n i SySl t mS f0r ,he protBQtion and teps " r ° f «•*»* uteres - Definitions 
■ q ■ sments, quality control and eveiuabon ot conformity - Pa* 2: Surface protection systems for concrete ' 

? nd J yst f™ for fh « protection and repair of concrete structures - Definitions 
q - cuts, quality control and evaluation of conformity — Pan 3: Structural and non structural repair ' ' 

f ° r ! hS prnteCti0n Snd *P* ir ° f terete ^returns - Definitions, 
q J ' Q ty contro( arid elation of conformity — Part 4: Structural bonding 

“»s ssdxsr^ - “" s 

SssS-isa^aaft'^assM® 


3 Terms and definitions 

3.1 

defect 

unacceptable condition that may be in-built or the result of deterioration or damage 

3.2 

design life 

intended useful period of service under expected conditions of use of the concrete structure 

3.3 

maintenance 

recurrent or continuous measures that provide repair and/or protection 

3.4 

passivity 

state in Which Steel in concrete dens not spontaneously corrode due to a protective oxide film 
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NOTE SeeA.3. 

3.5 

protection 

that is intended to prevent or reduce the development of 

3.6 

repair 

measure that is intended to rectify defects in the structure 

3.7 

service life 

period over which the intended performance is achieved 
note SfleA,3, 

3.8 

substrate 

surface on which a protection or reps.r material is to be applied 
NOTE See A.3. 


defects ir\ the st rue lure 


4 Minimum requirements before protection and repair 

4.1 General 

before ptotetrioTand repain" SM ' be undOTak ^ to assess the current condition of a concrete structure 
General guidance is given in Annex A (informative), 

4.2 Health and Safety 


4.3 A ssessrnen( of defects and their causes 


ZSZSXXS :LES “ ™ structure, their causes, and of the ab% of lhe 

Tte “ " ™‘“ «“ bu. not bo limited to the following- 

a) ““ V ' Slb,fi conditi °" o' 'he existing concrete structure; 

b) ,eStin9 “ ,he Of the concrete and reinforcing sfeel: 

C) t'i« original design approach; 

d) lhe environment, including exposure to conation; 
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e) the history of the concrete structure, including environmental exposure; 

f) the conditions of use, (e.g, loading or other actions); 

9) requirernerrts for fuLure use, 

Se Figure 1) nd “ " d8feCtS ' indUljinS “ mbinatiora * -II be identified and recorded 


NOTE 
A. 4. 3 , 


Further guidance on the effect of design and construct,™ flTO rs on the durability of the structure is g iven in 

marie of when^he^ember'or concrete structure wo° f |,j )efc “ ts aha " thsn be asseEsed ' An estimate shall be 
repair measures (other than maintenance of existing systems)'"applied 35 Wa, * 1W ' ™' h 30 prote(: ' ion or 

designed 'an dVarried out tTnuMJlUrf pa s sane tf? 3 ‘ *? *' me lhat the («***" - repair worKs are 

validity of the assessment, a nU SLmemS be mad"" y **° n ' there 3re doubts atotthc 



Figure 1 — Common causes of defects 
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5 Pr0teCti0n and repalr Withln « -tnictur. management strategy 

5.1 Genera! 

"*• ,den " f,SS ° P " QnS 3nd , "*** tD b£ “" Elti5red whGn • strategy for the manager of the 

5.2 Options 

into acc ™"l in deeding the appropriate actlp „ tQ 

a) d0 nothin 9 ^ a certain time but monitor: 

b) r " ana ' ySe ‘ he 5trUC ' Ural oa ‘«** *“** N-dtho to downgrading in function; 
cj prevent or reduce further deterioration; 

ti] Stren9tf1en ° r rspair anfl P rote « all or pert of the concrete structure: 
e) reconstruct or replace all or part of the concrete structure, 
n demolish all nr part of the concrete structure. 

5.3 Factor's 

categories; he when c '™ si " p a ma " a 9*™"' *■*«* -ndwa but are not limits to the follow.™ 

a) Sasic 

1) The intended use aed remain,ng serv.ee life of the structure: 

tne required performance of ^e structure: 

NOTE This nay include, for Are reliance and watartightn**, 

3) the likely service life of the protection and repair works; 


4) 

5J 

3) 


7) 

3) 


to to ^ «* 

add cos ' Df fGp8,r W* *mmm m<ig m ^ ign m u tne eoncrete 
future 'inspection a^mMntenant^ ^“in^™“ B,nenl s!rate S^ including 


properties enn ppssibfe mettlods of preparatton of the e!(istJng 5ub31rate; 

the appearance of me protected arld repaired SSfuduf£ 
tj) Structural 

i) actions during and after implementation of the strategy; 
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2i actions how they will be resisted. 

c) Health and safety 

1 ) The ennsequences of slructuraI failore: 

2} health and safety requirements; 

3) the effect on occupiers or users of the structure and on third parties. 

d) Environmental 


D 


2 ) 


The exposure environment of the structure and whether it can be changed locally (check 
in accordance with EN 206-1); 

0r opportunity to protect pari or all of the concrete structure, from weather, 
pollution, salt spray, etc, including protection of the substrate during the repair work. 

5.4 Choice of appropriate strategy 

structure shall be based on the above assessment of the structure client 

and rep a i r° wo rfcs unSwfai! ^ v,s ’° (e ^ safe ^ requirements) valid in the place of execution. All protection 
Standard « P«t of a structure management strategy shall comply with this European 


A Prelection and repair principle or principles shall be chosen according to Clause E, that is: 

a) appropriate to the type, cause or com&ination of causes and to the extent of the defects: 

b) appropriate to the future service conditions. 


6 Basis for the choice of protection and repair principles and methods 
6.1 General 


terete 8 b3SiC Print:iPleE WhiCh Sh "" ^ USed ' SSparatelV ° r in rambinati °"' to protect or repair 

r< utnng? which dn not use praducts and systems covered by EN 1504-1 to -7 are address so in 7 . 2 . 

6,2 Principles and methods of protection and repair 

5,2.1 General 


The principles of protection and repair are based on chemk 
be used to prevent or stabilise the deterioration of concrete 
ci to strengthen the concrete structure. 


electrochemical 

electrochemical 


or physical principles that can 
corrosion on the steel surface. 


^reply T1? ?f' r meth ° dS WhiCh apply lhe PrindptM. Only methods which 

applying a particufa^ method ™k■ ^ ’ r 1 ^ into account pwsfbte undesirable consequences of 

. g P method or combination or methods under the specific conditions of the individual repair. 


Other methods not described in this European Standard 
they comply with one or more principles. 


may be used if there is documented evidence that 
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C.2.2 Principles and methods rateted < D defects in concrete 


fnilwrina COr °* ,e ^uctures that may tle caused by (he 

"I meChaniCa '- '* imPSCt ' movement caused by SBli[fimen[i and b, aat . 

bl chemicarand b.cioglcal: e.g. sulphate attack, agflfB3ate reactron; 

arosior, 1 -' e ' S ' freeze ’ thaw ' dI ' L ' on ' [hsrmal cracking, moisture movement, sail crystallization and 
d) fire, 

6.Z3 Principles and methods related to reinfDrccmerlt 

Principles 7 tc 11 in Table 1 cover reinforcement c0rr05|on causetf ^ 

a) physical toss °f ibe protective concrete cover: 

atmosphercarb^dioe' (cartonatiome C1 ''' ,6 “ ntTetC ® ver as a result of reaction with 

fmn the° rp “ ra!cd ^^concrstew^n ittas mL?o?»hf C hta T* Ch '° r,de lt,ns ) 

'■' ^ environment; ' ° r ^ llcJl havt* penetrated into the concrete 

d) Sl^r ™ — d - — ■" - -o™, from neighbouring epical 

" PnnGiPleS 1 “ (Pnn^n; 1 fin ^ °" a ” 

-*««. tfle — ^ shai, repaired, where n ecessa , a „ fl * Prindpfes , „ „ ‘ 
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Table 1 


Pr inciples a nd Method s for protection and repair of concrete structures 


Principle 


Examples of methods based on the pnneipfes 


PmSfilos and^methods related ro defects in concrete 

"1 P fAtAriJinn *. _i m j i i , . — —i 


1 Protection against 
ingress 


Relevant part of 
EN 1504 {where 
applic a ble) 


_J ■ 2 Impregnat ion 
1,3 Co a ting 


2. Moisture control 


1- 1 h y d l Opficbir i.r i p roa nation 


1A Sudacfl hand ag ing of crack s 
_1 .5 Filling of c r acks 


1.6 Transfe r ring cracks in t o joints 


_J■ 7 Erecting ex te rnal panels a 
1 : S Applying m e mbranes ■' 
2 j_rI yd ro phctiic impr eg nation^ 


3. Concrete 
restoration 


4. Structure] 
strengthening 


2 2 I mpregnation 
,2 .3 Coating 

2.4 Erecting external pa nels 


2.5 Electrochemical treatment 


3 .1 Ha nd-ap plicd m ortar 

3.2 Reca s ting with co n Crete or mortar 


1.3 Spraying concrete or mortar 


,3.4 Repl acing elements 

4.1 Addi n g or replacing embe dded or external reinforcing bars 

4J !7 Ariff'lmr? 1 ran Khfr*! .’p .j. i. ^ . I ” I . . fc " ~—— 


JTT7JT -r-T- --- Lmta 

— m fi f ° !nf croem.g nj anch ored in pre-formed or drilled holes 

4 3 hj H! nf^FH-HI nliTiFift 


S. Increasing 
physical resistance 


_1 5 Filling crack s , voids or int erstices 
4 ±L f 1 ^stre ssi ng - (post te n sion i rig) 
5.1 Coatin g 


6 Resistance 
chemicals 


to 


4.3 Bondin g p late reinforc ement 

4.4 Ad d ing mortar cr concrete - 


4.5 injecting crack s, vords or interstices 

/l n ct . ii .,.,. . - . - - 


1-2 I m pregnation 


3,3 Adding mor ta r or concrete 
S-1 Coating 
6.2 Impregnation 


o-r .--- - 6 3 Adding mortar or concre te 

~ ,!f. m and rnethodE elated to re inforcement corrosion 

■ Preserving or 7.1 Incrcasinn 


7. Preserving 
restoring passivity 


3. Increasing 
resistivity 


linercasj ng cove r with additiona l mortar nr concre te 


.j_gd placing contaminated or car bonated concrete 

H h urtrAeh Art-i 1 .-..^ I -> s - 


— J cl^cjronhernicai realkalis atio n of carbonat ed concrete 
7.4 Realkali satifln of carb onated concrete bv diffusion 

y ^ Cl a 1 r i 1 • ’? , ~ — -—- 


A5 -fec trochemioal chloride extraction 


11 H ydrophobic im pregnation 


9. Cathodic controi 

1C. Cathodic 
protection 


B .2 Impregnation 

' fi-3 Coating 


9A Limiting oxygen content fat the cathode) by saturation or 
Surface coat ing T 


11 Control 
areas 


of anodic 


1D.1 Applying an electrical potential 


11.1 Act ive coating o f t he reinforcem ent 


11.2 Barrier costing of the reinforcem ent 


jJ_o Appl ying corr o sion i nhibito rs i n or ia the co ncrete 


. 1 


- 1 hesa methods may also be y ppllcahle to- otf 1 a - enneipi?; 


2 


3, 4 


EaropeanTtandard’^ repa ' r ° f C °" Cre,e and r *"»°™m a nt by methods not mentioned in this 


xjztsxx ° r ,he ° f a <° a n ew 

application * methods ,o Nations urZ^ 
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net have a substantial history of successful ^ r 

“ SatlSfactor V in appropriate circumstances a ™ n<5! Sf,ecifietl in this European Standard, may 


£i 

C'l 


0 ? 

cn 

yj 

£ 

u 

o 

< 

« 

o 


of protectio° n f and repair^ systems ret,uired for compliance with the principles 
7.1 General 

When the appropriate methods have been chosen in ^ , 

Re P a j f products that are D art of a * 

™“ “ »^srarK^rasss sr —■ 

7.2 Methods which do not make nee „( „ 

ft make use of specific products and systems 

8 ”' ,n: ' "‘ ,nr '" completion of protection repa|r 

Unless otherwise agreed, the following shall be provided: 

»::::: " n ~ ■** *•-——.... 

repaired part Of “hemte Sj"“ t0 be during the remaining design m of fhe 

9 Health, safety and the environment 

»» requirements of relevant health and sate:,.. 

10 Competence of personnel 

This European Standard presuDoo^Pft th* 
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NOTE 


personnel involved in Ihediffers nTlafifcs ' J * > '" ua raqulrenient3 rBg3fldln 9 the ' eve? nf knowledge, training and experience of 
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Annex A 

(informative) 


Guidance and background information 


Foreword 

This Annax provides guidance and background i nformation on the norma£ive ^ 

° f refBren “' ,h9 **<*». numbers o, this * m(x are nuffltore[j 


tc mirror th£ 'Sections 


Introduction 

P 3 ™S 0 TeSt l^a° nCr f Strue,UfeS th8t ~^r« or may 
SESP ^planned deterioration and ma-ntenamt Thk a™®"'; 0 " lntendefJ *° risk of Ze 

products and systems which are approbate fer“w« d ^e ° BiV ” 9uWance -iection S 

A.1 Scope 


floor material ® “Hd in conjunction with concrete, 8UBh as 

g, 'j ^1" hj pa ^ 

assassm en t eitherb^ore^r after reel \r ^IthJT su ! dance D " inspection. testing and 

10 and its informative Annex National' stanH^i ' fuither in ' Drm ation is given in EhMSCM 
undertaking these activity ^'° na ' Et " ndHr ^' Elation, and guidance may ^ Jhen 


b) and c) 


d) 


e) 


srs “»»«»«. »« 

conditions of norma! exposure in natural r “tnforcemant from corrosion urde“r 

" dere salts are used With dne sirudw ™ ' nclud '" 9 marir,e e™'°nments and 

adequate for normal exposure h r ah 1previous standards may not Have h.nr 

use of unsuitable construction mate Si ? desi3n ' specification or construction or 

compaction and honue reduced durabNit oS™™h a . ™ r . 3 uslity cover concre+e r^o'' 

may causfi pre ™ ,ure deterior;i ' on ' *4»« ^ SSSKSft 

waterproofing horizonmaterials are normally used- for 
nor.ma.iy used, but this depends on ;he inWnded a " d water v apnL ,; are 


S= assss arsasusss 

crs=ir«s“ sstrss lt* - —*»-« 
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A,2 Normative reference 

See Clause 2 and Bibliography 


A.3 Terms and definitions 

These include terms that are not in common use in construction and which have a special meaning in this 

A. 3,1 Passivity 

al * ali " e “nenfc the h,gh alkalinity naturally present 
reduces the risk of reinforcement nr ri / er an [d& attlR! sur fdce, termec passivity. This layer effectively 
water and oxygln rf:m,Qreement CQrr ™°" to an msign If leant level, despite the simultaneous presence of 

reinforcement 1 ar^wherf' S l0 !:. wher> th0 CQncretB carbonates to the depth of ihe 
This results in active corrosion m the' nr .™.-!*’V ln 5U , ff cle;11 quantities at the depth of the reinforcement, 
spalling of the cover plesencc ° f m °' s ^ anri oxygen, which may lead tc cracking and 

to^"cs,wte sted Iforcemenf in'r * ppraprta,B pr0dPCtS a " ri * -ed 

■ jj me sieel reinforcement, in hne with the principles of this European Standard. 

A.3.2 Service Life 

tLncrete'shurture'wiy'ach!evo rtsTe^iSTfl^'th - 1 f ° llowi "9 intervention, a protected or repaired 

achieve its service life without significant unplanned deterioration and maintenance, 

A,3.3 Substrate 

systems for protection^ ani1 testina pl,or to the application of produels and 


A.4 Minimum requirements before protection and repair 
A.4.1 General 

structure. To help users of tTi&^Eu^ apprarsaJ or a condition assessment of the concrete 

project. p 9rs 0f th,B European 5vandard - Figure A 1 gives an example of the phases of a rspaif 
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the* current conditio^of r the?t? n St3rt ' a dal8 GOllecti0n e *ercise needs to be completed to establish 

should be overtaken i ™f enarice history and the likely future performance ideally,'this 

Clause S. ' " 3 str ueluna mane gem cm strategy, which is discussed In more detail rn 

A.4.2 Health and Safety 

ouidance C and' is nnTriitoii °\ f'® riora ' e[f structures is governed by national standards, regulations and 

factors! far internJiinn ^ fr. 8<J urtner ' See als0 A - 5 ' S ' 2 (Structural factors) and A.5,3.3 (Health and Safety 
' 11 ■- n the requirements before, during and after repair and protection works. 

survey works, “ PBrlieS e *' Sts ' a " loose and s P aiied material should bo removed as part of the initial 

A.4.3 Assessment of defects and their causes 
A.4,3.1 General 

“ - -.-«-«««. 

A.4.3,2 Defects and Causes 

mS n inXing C “ rKSUltfr0m insd0 ^ le des '9"’ -P-e«c«lon. supervision, execution, and 

— inadequate structural design; 

inadequate mix design, insufficient compaction, insufficient mixing, 

■ • insufficient cover; 

insufficient or defective waterproofin':;; 
contamination, poor or reactive aggregates; 

— i n adeq u a te curi ng. 

Other defects may become apparent during service, including the effects of: 

— reinforcement corrosion; 

severe climate, atmospheric pollution, chloride, carbon dioxide, aggressive chemicals. 

— foundation movement, impacted movement joints, overloading: 

— i m po ct dam ag c, expan s i on forces from fi res; 

— erosi on, aggressive g nou ndwater. se ism ic acti on; 

■ stray electric currents. 

The common causes of defects in concrete and corrosion of reinforcement are summarised in Figure 1 
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c 

to 


A.4.3,3 Condition Assessment 

T ”, r **"“ — —» — » — and 

»™s;s ssaassr-—»•™ 


^use 


^ “ a,id reinfa ~—- ™ hec and documented and the da;a srored 

d^t^?mp^ S rde !B Tmlne “hS (TSmK? '° r f H , lnforcemen ' a™' carbonatiorp dBpth drllle . 

C ’ ° “ n TOnten(S h3ve oesn mea ' ured and active hidln present" 5 " here K ' evateri 

*£, ™ ir mi^ e ™r a ^!ie a oo ly reSLfl8 ln C ™*«* ar ' ti spallira of the concrete 

S;,S S- nidden 

^^iHgpgMi 

'— J^ASSSKRBK? “ 11 *»“» “ 

be ST" ‘ ,f defu[: ' S - !he ,Jr ° snosis for the ' r further development and the «ru«h.r« assessment shoo id 

A.4.3.4 Structural Appraisal 

* 2 SaS^aS£ 55 H 5 ?’« 

Ar4, 5 Qua | rf, ca tio n s of a ss es so rs 


The competence of personae, *.**» sp ecjfying ar;d „ ng repair ^ ^ ^ 


out at A.9. 
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A S Protection and repair within a structure management Strategy 
A. 5<1 General 




single operation, to simpler options that 
components of the repair may need to he 
i rgure A.2 below. 


rn a 

may require repeated maintenance or where 
reapplied (e.g, surface protection systems), as illustrated ir> 



Key 

X Asset condition 
V Life of the asset 
A Critical condition 
B i arget life 


IdeaJ life curve 


Actual deterioration curve 


Repair based on: 


Projected deterioration 
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Restoring to initial state x2 
Maintaining current slate 

Figure A.2 — Typical repair cycles 


over the life of a deteriorating asset 
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A,5.2 Options 

opiions ma/bo^lS^ of ® wrucbiw management strategy A ranee nf 

efficacy over the remaining life of the structure jermed ii fe" ~ yc telcos Mn ^ 110 u 1 ^ TOn ™"V * assessed for 3 J 

for example !ndudc e * am[nali °n of different averts 

maintenance of product 3y ' stemS| * n inn P ur &nt consideration is the -fe f 

A.5.3 Factors 

benefits of the possible teebnia| b O ptons l f 0 e /^f en makin9 an infDrmed judgement on the rotative costs and 

A.5.3.1 General 

for both the Workshop tl^stmeture 6 C,rtne pmlectlon antf re P aif works will result in a longer service life 

S^HSSSsSSSi asass 

:: “ and ^- -—- — - - - - ^ ar:d 

their wiil be additional pro^ctto^and'CrroTte in [ue "if 3 ' eSSer fJeriod in tne knowledge that 

properties and possible methods of prena ration of *. ■ 

appearance of the preteeted and repaired at cture “^"h 0 EUb3date Can ha * e »" effect on the final 

A.5.3.2 Structuraf factors 

Of the repa.r tvorks on Ihe 

Particular attention nefjds to be csib ■•■'. 

loadbeanng stfucturaf rrTKmbcrs and rh^ oFr- t f Jm " CJ ^ ^°nc-rete and reinforcement 'hat * r in - 

A. 5.3*3 Health and safety factors 

a/ An important stage in the stmrfnr* 

aTO — - - CffiKK c ~ s - 

b) h6alm and Safe,y "«#«** * um in national regolafiooe end 


bj 


o) 
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* ccZZ: i !tr : n tte c selecled fepair « <**»*** <*** as won 

components- creaftor nf lL^ f [nc,ulic - Products that contain harmful or malodorous 

“"antmovementf ™ Se ' dU3t and VlbratiD ^ ” ater or airb °™ d ®ris f ™> Preparation processes; 

A. 5,4 Choice of appropriate strategy 

tne^t^uro'a^nr^mnintn^' 0 ® Sh ° ul11 re,lect the *"?> ^irements for the design and service life of 
developed. * ,ar ce and rer>air °P tions ' which gsven whEch management strategy should be 

with the^aLlrenri'^nn^' 8 need ‘f , be l klentified ' Ge n «ra,tly, protection and repair will deal successfully 
deterioration la n bltke i h ° f dCfects - s0 ™ casfis ' other *«u~ may be contributing to the 

it may be neeassarv to dal7»na« tT 8 **?.?* lhat ,ead td cbln,!de contamination of the substructure) and 

correction of the cause s no bie (e l*?JT” befo ” 3 SIJ “ eESfU ' rbpak «" be ;arriPd “*■ " 
designed lo resist the cause as L as possible. 3 envlronment) ' tt,e Protection and repair must be 


A.6 Basis for the choice of protection and repair principles and methods 
A, 6,1 General 

a‘nroache°s S? T™ p, ™ plas is lhe m05i important part in the design of the repair project Several 
approaches may be possible, with the final selection based on. a variety of factors (see A.5 1), 

,0r a " Ch0San pr,nciples ' Where P° ssible ' tbe spscif'cation should 
may need to be ™^,L^ ^ ^ re( ’ Lllrenle[1ts for products and systems for the intended use. Producers 

may need to be consulted to verify that their products or systems fulfil the intended requirements. 

subsSandthrIt« BO f lm e r'?T d f d lJSS shodld hft selected * akin 3 int0 account the condition of the 
suos.rat* and the assessment of defects and their causes as detailed in 4.3 of this European Standard, 


A.G.2 Principles and methods of protection and repair 

m T! bb0Een in ^miolnation. Care needs to bo taken lo consider the 
pnssue adverse effects of the chosen methods and the consequences of interactions between thorn. 

Examples of possible adverse effects include; 

^ “ethe WS3T USBd l ° rSdUCG “* m ° iE,Ure C ° nte ' 11 ° f C ° nbrb,e ' wbieb 

b) fro?rosi™m?e' WhiCh ^ entrap rno ' Eture ' lead ' n 9 to c breakdown in adhesion or reduced 
po&Hensioning, which can cause tertsife stresses in the structures; 

d> aikalr a C ™™t ^K dS ' t' Ch m3y cause em brittle merit of susceptible prestressing steel. 

mcroasld mofsh.rn . 3ascs f t,ble a 99 re gates, a decrease in frost resistance due to 
J moisture contents. or, if under water, corrosion in adjacent structures or vessels. 

Products and systems should be compatible with each other and with the original concrete structure. 

h h add,tton K to PririciblcsM CQrrosiof1 ' Princi P lfis ^ to 11 in Tahle 1 should be considered 

damage concrete in the future if left unchecked, e * oansiVH efrecSs of on 9 HI "9 reinforcement corrosion may 
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iA 

(o 
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to 
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A.6.2.1 Principles end methods related to defeets jn concrete 
A.6.2,11 General 

ccmmorTonX 11 10 6 in Table 1 does not provide detailed 


A.6.2,1.2 Principle i - ProtectiDn agaitla , ingress 


™ 5 D ^r: r 

ESSSg^JS&ESffiffli xssgx 

- —■ shrinkage or ^ 

S£ ,n ~ ,0 toth 5 ‘“*-* - ™ 

77 cr3cka that a * *■** - - «MaBws a s-ssaS ar: 

i£rlFS5/Sr thfi °** 15 

information :«* rs * ai ' should bo considered, Further 

""""“•"°“ "“ ““ ’ ! «.» p« m , 

A.B.2.1.3 Principle 2 - Moisture control 

SISSSSESEEE ~ £ * '= “-£ a" 

a,,DW and snfflt should he permeable to watBt vapour , Q 

^ <e ' 3 ' a * WM flO0r »** - « car park; may have an 

— moisture 3n p 

A-6.2.1.4 Principle 3 - Concrete restoration 
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rernforcedconcret^^Further aXire r ^f ir ‘ ^ ef - l|acin S elements may indude materials other than 

cea concnsle - rurther advice on sprayed concrete is given in EN 14487-1, 

A.fj.2.1,5 Principle 4 - Structural strengthening 

llmcturo^'oon^dn^rf S'" 4 a " 3trasEes assodateiJ witfl 3 repair and the original or deteriorated 
in changes in the onginal structural' mP ° Se 5treS3C3 ° n the repaired 5tmcture ' reEUltin a 

reseo'e7he eto^enMn 1 it^T 5 , Crack3 wi " not stmclurally strengthen a structure, injection may be used to 
° ment Ln lts 5tructljrH| condition prior to cracking (s.g. when temporary overloading has ocewedj. 

A.a,2.1,6 Principle S - increasing physical resistance 

d R !r«w V«oZ n ZZl/Xl a Z b ! phySl “' sctions - 3uch as impaet or n»y affect the structural or 

A. 6.2.1.7 P ri n c ip le 6 - In creasi n g resistance to chem i caIs 

«,r be “ and “ —— 

The resistance of concrete to different classes of environmental attach is defined In EN 206-1. 

stock i^Sf , U ^ ri T ,: y5 ‘ Em ; Wt, ' Ch pratsdl Ehe «»*"«■ *9™** environmental 

y -nemicais usted in EN 206-1 and to severe chemical attack by chemicals fisted rn EN 18629. 

£2? SSSS: SSSSPf «#**« *** or mm by bacteria 

A.6.2,2 Principles and methods concerning reinforcement corrosion 
A. 6.2, 2.1 General 

s 71011 inTabiei d °- «*»«**• d -^ 
Sete e ooveV m co y n? a e ^ variety of Muti,ng p00r pualil * or missin 9 

electrochemical effects. ~' g ‘ V h d 6 advancma carbonation, or other physical, chemical or 

A. 6.2.2.2 Carbonotion 

EN n ™ e meth P 0 d?f 2 d remain'ng unca^nated covert indicated by the carbons,™ 

access of carbon dioxide to the concrete' " ' EC ° TaP ® 1 ] ard examfjles tfl at may be used to reduce 

meTbegin't var^oVmethodfcun'K rarb0 ™ ed terete»<. passivity will have been tost end oorrosicn 
Principles and Methods be USed to “ nlro1 corrosi ° n in !his Nation, using one or more 


fl “ rbo " dioxide ' “bar air-borne acidic pollutants, such as sulfur dloxi 
and re.nforoHmeni In areas where pollution is high, for example in chrmnsvs. 


can attack both concrete 
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A.6.2.2.3 Chlorides or other corrosive contaminants 


» the — - — i-, difficult ,o trBat , han corrosion „ by 

S *»-»<«« th. passive iayef m 

^tested (as indicated by the chloride ion eonterttes* 9 'see £NWB?sfth, ? @ !0n conten ‘ s hare been 

corrosion can occur. The concentration lha! triQnerfcorrrlr, ,^! 1 l"’ thereis a nsk thst reinforcement 
wpos ure's nviranmtnt' H * t/Pe ' w '' c ' rat ’ 10 ' thii souree of chloride jhe alkalirltfifuw cVnerartTnd’thS 

r “ * - - — * 

content, chloride which has entered the concrete from t t0 hardenin 9- F or a given chloride ion 

ssiassas can also be -- 

comsion would occur.°More ^enWeselrch show-fthTfigurebe 6 thr ff old ab£We wNcil reinforcement 
■safe" limit should be assumed, " 9 1 Prevailing conditions or each structure and no 

“r e!1 ‘ Mn Pe raused * other than chlorides, or other water-soloble 

natch repair that removes ^ITthe coma Ini noted" "'roweie* Ho' ar ' de 100 c<n 68 WW »»^»K carried out by 
treatment of areas of damage alone will nor nli* a ?«r ' sr wher e contamination is extensive' 

or concrete can initiate corrosion in adjacent areas of ''ontemin^T 80luHon ' A,sa5 ^paired * itf ' new mortar 
ring anode effect), in these sltuatfo™ COnerflts toften tomw* incipient snode or 

arrested, such as those given in Prlno,p’les 7 to°n. hods W|N nced t0 be considered if corrosion is to be 

A.e.2.2,4 Principle 7 - Preserving or restoring 
A.6>2.2.4<1 Genera! 


passivity 


^ 9 - « *• ™ surrounding the reinforcement to reduce tne ri sk of 


A.6.2.2,4.2 Method 7.1 Increasing cover with 


additions! mortar or concrete 


concmt^op^ Jayer of mortar or concrete may be added over carbonated 

A,6,2.2.4,3 Method 7.2 Replacing contaminated or carbonated concrete 

«s» Z£Z »V^SrSVTS S 
—... 
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A.6.2.2.4,4 Method 7.3 Electrochemical realkalisation of carbonated concrete 

a h“r ° r Pf^ 8 ' Additional corrosion protection can be provided by 
reinforcement. ' 1 ■ v; ralses the alkalinity of carbonated concrete and provides passivity to the 

Knh e i“ fl r fz. to the pn * of ceNfTs i4 ° 33 - 1 ’ The appiieatton ° f ■“>*■«■ 

A. G.2.2.4,5 Method 7.4 Realkalisation of carbonated concrete by diffusion 

Eompetn certafnXions" """ ** bU ' appr " been used ,n some parts of 

«rLna^ h J nV ( 0lV ^ afJplicaliori " f 3 highly alkaline cementitious concrete or mortar to the surface of 
carbonated concrete, allowing the concrete to be re-alkalised through diffusion from the surface 

A,6.2.2.4.6 Method 7.5 Electrochemical chloride extraction 

te h pfovwUX^ d f 10 chbrfde 1011 ir,aress ' ad[fitional cordon protection car, 

feduC£S f:hlon<le ion conteni in the — te 

Which "conent" i“^ “ ed CEN '' TS H03B - 2 < in -Ration) covering chloride extraction, 


A.S.2.2.4.7 Principle 8 - Increasing resistivity 

a pf00lcm suen if tpe concrels is ^bonated at the depth of 
oflhe concrete ^ ,he 

interna? rtadd?nn' 'tl" , resistivi ' y of ex!emal ™ n( ;rele nrtay be reduced through the application of ventilated 
Snlcs l and^t TirS^ 1 ' “ lreatments ’ PO^-fiiiing impregnation or surface “gs 
example by over-claddina is limited^ o reducm9 t!le c°fresion rate by limiting the moisture content, for 
other sources 4 te„ Thif’ , d u slli,al| ons vrhere concrete can he prevented from taking up waterfront 
otner sources, Also, the escape of moisture from the concrete should not be impeded 

reslsdvity of tte m^cretemauT 1 ; h te ' J* ri8k ° f ™ rra5 '° n '* mom significant. Methods that increase the 
situation, additional repair Principle/msy *° **** ° f thG reinf ° rcernent ' 

2 K n srj.‘“srr s 

A.6.2,2.4.8 Principle 9 - Cathodic control 

correito'n LkamX! h r , es ' rlctir,s access of oxygen to all potentially cathodic areas, to the point when 
corrosion cells are stifled and corrosion is prevented by the inactivity of the cathodes. 

A,G,2.2.4.£) Principle 10 - Cathodic protection 

d C epth cW ° ride fiontaminati °b is significant, or oarbonation to the 

. . 3xtensfVG, resulting m a hjgh risk of corrosion of reinforcement. 

levc| ft Q* chloric^' 1 ' cath b die pratection applied according to EM 12696 can control corrosion regardless of the 
damsoJ t COnCrfi,H and limi,s !hB a "™^ =f ooncrntn removal to that phys°na y 
mo:S g b a y nd“ah°c ( e mdef ' yin9 ™ infereCmanL '* l0 "9 ^ •*■**«»» Spends on 
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^ “ Unteracte th « ^nt anude 

ssrwsi use an 


A.6.2.2.4.K) Principle 11 - Control of anodic areas 


M —d concrete 

by saorrfidal galvanic action, ' “ e p ' 9ments - which may function as anodic Fnhrfcitorl or 

effective if the reWorelme^t is° f ™e pared ’% bo f[a* TcomJon^ !f! n!aroerns ’"' This ™«h«J can only be 
bR completely encapsulated and the coatino is defer). 1 -™-. ^ anc: he coalin 3 ^ complete (i,e. the bar must 
whole of the circumference of the reinforoina bar rflr t**. b , 1( * ni I^ Clcl sh ^uJd not be considered unless the 
ine reinforcement and concrete should aJso be considered ^ ^ ‘ ne ° f £he coa *' n9 on bond between 

Alternatively, corrosion inhibitors can be used i n *r 

“ "'V™'"' C ° rrOSion “rscan £S mSS,. : V“ rf “ 0f the or form a 
^VMem. or by application to the concrete surfers by 9ddltl0n tc} ihe concrete repair product or 

inhibitors that are applied to the surface of m ’ ' h owed migration to the depth of the reinforce™ art 
reinforcement to take effect. There is currently n^h ft peneL ™ ta the terete down to the level "of the 

■"r s “»«“ ■»=»» »■ mUss^sz ss r ■ «». 

«. _ «, new «, „ „«, no „ c „ ^ _ ( ,. s 

in severe condition addilional repair principles may be retired. 

mentioned in th ta°E u i repea ^Sandald^ ° f reinforocmB "‘ corrosion by methods not specifically 

end technologies and new methods of p rD l e - t icn 

reinforcement cordon ,s theTaufe r , 0n a Th,s ,s especia'y r £ P “ 

previous nee, ye, may prove to be effect^ “« « 

o f proteSr^Sr tS and SyStcms required for compliance with the principles 

To avoid any possible confusion, it is intends that .h Q , 

^ :^rrS 

faqu “ ; niess the -as 

such as a'pNmer, elasfctey^ seTliJ,g”yeT 5 '* 7 ^ <:te ' :,1 may coniain ™ltiple products 
py the manufacturer. Compliance with the oerfemtnre 9 rlm 8r ' ® a laycr bs,n 9 of the thiefcr,esses specified 
occurdance with th« manufacturer , recommended ^ 5 iS measyrKd en ‘" s ^temVppfed in 

o.m.y symbol on the packaging of the products that oomprise the system^ ° B S * al,5Cl al0, ’ g!icie lhe C£ 

at application, because most rep , ir 

guidance is given jn EN 1504-10. ' J ' " ^ cf rimbierit application conditions. Application 
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A,3 Maintenance following completion of protection and repair 

; sas* —» 

^ iife ,hat ,S Sh0rt in » ith 

y emS ' " ,s 8ssential •Pat they are regularly inspected, tested and renewed if necessary. 

The following listing gives information for future maintenance which should be included: 
a) an estimate of the expected remaining design life of the concrete structure: 

hJ remainhc°desLn S |ifo ^ f ystem wtlf ‘ re the tfGsi 9 n life is wpectae to he less than the 

aimng design life of the concrete structure: 

C) the date at which each product and system is next to be inspected or tested; 

d> belddedT' ***"* “ “ *" reC ° rdGd and h ™ futurc 

fil irnp^S^ and merttort ^ for ^ - ■» 

0 surtaca water taksn ° r t0 a PP iiG <■ «>' «-nph maintenance of 

icing sail 9 ' ma * lmur,i Pressure for water washing or prohibition of the use of de- 


A-9 Health, safety and environment 

No further information. 


A. 10 Competence of personnel 


as com™ h , Th' b appt>,,1ted Wh0 flre familiar *th protection 
as competent. This requirement requires to all persons involved 

designers, repair contractors and repair works inspectors, 


and repair of concrete works and recognised 
in the repair process, including repair scheme 


™ . S ' 10uld be cm P ,D Vbd by the repair Contractor to 

are met and that the right repair methods are used. 


ensure that the specified quality requirements 


Appropriate arrangements should be made for acceptance inspection. 

All documents relating to tho repair wor* stould bc stored a suitabte projM manatJement sys[em 
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